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(57) ABSTRACT 

Substrate processing systems are described that have a 
capacitively coupled plasma (CCP) unit positioned inside a 
process chamber. The CCP unit may include a plasma exci 
tation region formed between a first electrode and a second 
electrode. The first electrode may include a first plurality of 
openings to permit a first gas to enter the plasma excitation 
region, and the second electrode may include a second plu 
rality of openings to permitan activated gas to exit the plasma 
excitation region. The system may further include a gas inlet 
for supplying the first gas to the first electrode of the CCP unit, 
and a pedestal that is operable to Support a Substrate. The 
pedestal is positioned below a gas reaction region into which 
the activated gas travels from the CCP unit. 

11 Claims, 10 Drawing Sheets 

  



US 9,144,147 B2 
Page 2 

(51) Int. Cl. 
HOIL 2L/306 (2006.01) 
HOI. 37/32 (2006.01) 
H05H I/24 (2006.01) 
C23C I6/455 (2006.01) 

(52) U.S. Cl. 
CPC ..... H01.J37/32091 (2013.01); H01J 37/32357 

(2013.01); H01J 37/32422 (2013.01); H01.J 
37/32724 (2013.01) 

(56) 

5,016,332 
5,081,069 
5,125,360 
5,148,714 
5,252,178 
5,304.250 
5,328,558 
5,364,488 
5,412,180 
5,443,647 
5,558,717 
5,569,350 
5,587,014 
5,630,881 
5,635,409 
5,683,518 
5,686,734 
5,812.403 
5,853,607 
5,882.414 
5,902.407 
5,926,737 
5,961,850 
5,966,595 
6,009,830 
6,021,785 
6,024,044 
6,074,696 
6,077.412 
6,110,838 
6,148,761 
6,156,581 
6,203,657 
6,211,040 
6,296,255 
6,302,964 
6,339,997 
6,355,581 
6,383,954 
6,387,207 
6,406,677 
6,436, 193 
6,447,651 
6.450,117 
6,508,879 
6,528,332 
6,548,416 
6,565,661 
6,583,069 
6,614, 181 
6,656,540 
6,660,391 
6,660.662 
6,676,751 
6,758,224 
6,793,733 
6,794,290 
6,812,157 
6,830,007 
6,830,624 
6,833,052 
6,833,578 
6,867,086 

References Cited 

U.S. PATENT DOCUMENTS 

A 5, 1991 Reichelderfer et al. 
A 1/1992 Parker et al. 
A 6/1992 Nakayama et al. 
A 9, 1992 McDiarmid 
A 10, 1993 Moslehi 
A 4, 1994 Sameshima et al. 
A 7, 1994 Kawamura 
A 11/1994 Minato et al. 
A 5, 1995 Coombs 
A 8, 1995 Aucoin et al. 
A 9, 1996 Zhao et al. 
A 10, 1996 Osada et al. 
A 12/1996 Iyechika et al. 
A 5/1997 Ogure et al. 
A 6, 1997 Moslehi 
A 11/1997 Moore et al. 
A 11/1997 Hamakawa et al. 
A 9/1998 Fong et al. 
A 12/1998 Zhao et al. 
A 3/1999 Fong et al. 
A 5, 1999 deBoer et al. 
A 7, 1999 Ameen et al. 
A 10, 1999 Satou et al. 
A 10, 1999 Thakur et al. 
A 1/2000 Li et al. 
A 2/2000 Grutzediek et al. 
A 2/2000 Law et al. 
A 6, 2000 Sato 
A 6/2000 Ting et al. 
A 8/2000 Loewenstein 
A 1 1/2000 Majewski et al. 
A 12/2000 Vaudo et al. 
B1 3, 2001 Collison et al. 
B1 4/2001 Liu et al. 
B1 10, 2001 Hashimoto 
B1 10/2001 Umotoy et al. 
B1 1/2002 Nakagawa et al. 
B1 3, 2002 Vassiliev et al. 
B1 5/2002 Wang et al. 
B1 5/2002 Janakiraman et al. 
B1 6, 2002 Carter et al. 
B1 8/2002 Kasai et al. ................... 118,715 
B1 9, 2002 Ishikawa et al. 
B1 9/2002 Murugesh et al. 
B1 1/2003 Hashimoto 
B2 3/2003 Mahanpour et al. 
B2 4/2003 Han et al. 
B1 5/2003 Nguyen et al. 
B1 6, 2003 Vassiliev et al. 
B1 9/2003 Harvey et al. 
B2 12/2003 Sakamoto et al. 
B1 12/2003 Rose et al. 
B2 12/2003 Ishikawa et al. 
B2 1/2004 Solomon et al. 
B2 7/2004 Nogami 
B2 9/2004 Janakiraman et al. 
B1 9/2004 Papasouliotis et al. 
B1 1 1/2004 Gadgil 
B2 12/2004 Matsuki et al. ......... 118.723 ER 
B2 12/2004 Janakiraman et al. 
B2 12/2004 Li et al. 
B1 12/2004 Tu et al. 
B1 3/2005 Chen et al. 

6,884,685 
6,890,403 
6,892,669 
6,900,067 
6,935,466 
6,958, 112 
7,018,902 
7,037,846 
7,410,676 
7,479,210 
7,514,375 
7,622,369 
7,915,139 
7,943,514 
7,964.040 
8.264,066 
8.445,078 
8.449,942 
8,466,067 
8,466,073 

2001/OOO6070 
2001/0021595 
2001.0024691 
2001/0029892 
2001.?004.0099 
2001/0054387 
2002fOOOO2O2 
2002/0027286 
2002/0081842 
2002/01 19607 
2002/O127350 
2002/0129.769 
2002/0139307 
2002fO160585 
2002fO163637 
2002fO164421 
2002O185067 
2002fO189760 
2003, OO1958O 
2003, OO64154 
2003/OO73310 
2003/0094773 
2003.0143328 
2003.0143841 
2003/O159656 
2003/0172872 
2003/02O7561 
2004,0008334 
2004/0048492 
2004/0065253 
2004/OO79118 
2004/OO83967 
2004/0084680 
2004/0094.091 
2004/0134773 
2004/O144490 
2004/O146661 
2004/O159343 
2004O161899 
2004/01755O1 
2004/O1832O2 
2004/0206305 
2004/0211664 
2004/0224.534 
2004/O231799 
2004/O253826 
2005/OOO1556 
2005/OO42889 
2005, 0103267 
2005/O112901 
2005, 0121145 
2005/O160974 
2005/0217578 
2005/025O340 
2006, OO21702 
2006.0075967 
2006/0096.540 
2006/0105106 
2006, O158101 

B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
B1 
B1 
B1 
B2 
B2 
B2 
B2 
B2 
B2 
B2 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 
A1 

4, 2005 
5/2005 

* 5/2005 
5/2005 
8, 2005 

10, 2005 
3, 2006 

* 5/2006 
* 8, 2008 

1/2009 
4/2009 
11/2009 
3, 2011 
5, 2011 
6, 2011 
9, 2012 
5, 2013 
5, 2013 
6, 2013 
6, 2013 
T/2001 
9, 2001 
9, 2001 

10, 2001 
11, 2001 
12, 2001 

1, 2002 
3, 2002 
6, 2002 
8, 2002 
9, 2002 

* 9, 2002 
10, 2002 
10, 2002 
11, 2002 
11, 2002 
12, 2002 
12, 2002 

* 1/2003 
4/2003 
4/2003 
5/2003 

* 7/2003 
T/2003 
8, 2003 
9, 2003 
11/2003 

1, 2004 
3, 2004 
4, 2004 
4, 2004 

* 5/2004 
5, 2004 
5, 2004 
T/2004 
T/2004 
T/2004 
8, 2004 
8, 2004 
9, 2004 
9, 2004 

10, 2004 
10, 2004 
11, 2004 
11, 2004 
12, 2004 
1/2005 
2, 2005 
5/2005 
5/2005 
6, 2005 
7/2005 

10, 2005 
11/2005 
2, 2006 
4, 2006 
5/2006 
5/2006 
T/2006 

Luo et al. 
Cheung et al. 
Xu et al. 
Kobayashi et al. 
Lubomirsky et al. 
Karim et al. 
Visokay et al. 
Srivastava et al. ............ 438,710 
Kim et al. ..................... 427,569 
Mullapudi et al. 
Shanker et al. 
Lee et al. 
Lang et al. 
West 
Rasheed et al. 
Lo et al. 
Liang et al. 
Liang et al. 
Liang et al. 
Wang et al. 
Shang et al. 
Jang 
Kimura et al. 
Cook et al. 
Pedersen et al. 
Frankel et al. 
Yuda et al. 
Sundararajan et al. 
Sambucetti et al. 
Miyasaka et al. 
Ishikawa et al. 
Kim et al. ................. 
Ryding et al. 
Park 
Rossman et al. 
Chiang et al. 
Upham 
Park 
Strang ...................... 156,345.33 
Laxman et al. 
Olgado et al. 
Lerner 
Chen et al. ............... 427/255.28 
Yang et al. 
Tan et al. 
Thakur et al. 
Dubin et al. 
Sreenivasan et al. 
Ishikawa et al. 
Tois et al. 
MSaad et al. 
Yuda et al. .................... 118,715 
Ruelke et al. 
Yang et al. 
Pedersen et al. 
Zhao et al. 
Kapoor et al. 
Shimbara Kaoru et al. 
Luo et al. 
Lukas et al. 
Usami 
Choi et al. 
Wang 
Beulens et al. 
Lee et al. 
Ivanov et al. 
Hoffman et al. 
Lee et al. 
Hur et al. 
Ji et al. 
Du Bois et al. 
Ivanov et al. 
Gurary et al. 
Chen et al. 
Kumar et al. 
Lu et al. 
Choi 
Balseanu et al. 
Camilletti et al. 

118.723 E 

118.723 E 



US 9,144,147 B2 
Page 3 

(56) References Cited EP 2O22087 A2 5, 2007 
JP 57-75.738 10, 1980 

U.S. PATENT DOCUMENTS JP O1241826. A 9, 1989 
JP 2004-328825 11, 1992 

2006.0160372 A1 7, 2006 Dorfman JP 06-077150 A 3, 1994 
2006/0162661 A1* 7/2006 Jung et al. ............... 118/723 ER JP O9-008014 A 1, 1997 
2006/0211265 A1 9, 2006 Trott JP 2003-179054 6, 2003 
2006/0225648 A1 10, 2006 Rasheed et al. JP 2004-0 12315 1, 2004 
2006/025 1499 A1 1 1/2006 Lunday et al. JP 2004-536444. A 12/2004 
2007/0065578 A1 3/2007 McDougall JP 2006-041539 A 2, 2006 
2007/008.0057 A1 4/2007 Mizohata Yasuhiro et al. JP 2006-210878 A 8, 2006 
2007/01 11546 A1 5/2007 Iyer et al. JP 2007-019067 A 1, 2007 
2007/O128864 A1 6, 2007 Ma et al. JP 2007-191728 A 8, 2007 
2007/0235062 A1 10/2007 Fujiwara Naozumi et al. JP 2007-324,154. A 12/2007 
2007/0277734 Al 12/2007 Lubomirsky et al. KR 10-1999-0010957 A 2, 1999 
2008, OO14711 A1 1/2008 Choi et al. KR O2O4793 B1 3/1999 
2008.0020591 A1 1/2008 Balseanu et al. KR 102OOOOO1 1360 A 2, 2000 
2008.00704.09 A1 3, 2008 Park et al. KR 102002001.3383 A 2, 2002 
2008, 0096364 A1 4/2008 Wilson et al. KR 10-2005-0072332 7/2005 
2008.0099.431 A1* 5/2008 Kumar et al. ................... 216,44 KR 10-2005-0085838 8, 2005 
2008/0178805 A1 7/2008 Paterson et al. ............ 118.723.1 KR 1020060103640. A 10, 2006 
2009/0054674 A1 2/2009 Lukas et al. KR 10-2009-0011765 A 2, 2009 
2009/0093132 A1 4, 2009 Xu et al. KR 10-2009-0121361 11, 2009 
2009/0120368 A1 5/2009 Lubomirsky et al. KR 10-2010-00857.43 T 2010 
2009/0120464 A1 5/2009 Rasheed et al. WO O3,066933 A 8, 2003 
2009/0120584 A1 5/2009 Lubomirsky et al. WO 2005, O78784 A 8, 2005 
2009/0170282 A1 7/2009 Dong WO 2006/O14034 A1 2/2006 
2009/0206409 A1 8/2009 Arisumi et al. WO 2007/140376 A 12/2007 
2009/0277587 A1 1 1/2009 Lubomirsky et al. WO 2007 140424. A 12/2007 
2010.0052066 A1 3, 2010 Yu et al. WO 2010/080216 T 2010 
2010.00598.89 A1 3/2010 Gosset et al. WO 2012, 145148 A2 10/2012 
2010.0099236 A1 4/2010 Kwon et al. WO 2013/025336 2, 2013 
2010, O190317 A1 7/2010 Iwasawa et al. 
2010/0227276 A1 9, 2010 Mizuno OTHER PUBLICATIONS 
2010. 0230052 A1 9, 2010 Iizuka 
2010/0261318 A1 10/2010 Feng et al. International Search Report and Written Opinion of PCT/US2011/ 
2011 0186990 A1 8/2011 Mawatari et al. 066281, mailed Jul. 19, 2012, 10 pages. 
2011/O187000 A1 8, 2011 West International Search Report and Written Opinion of PCT/US2012/ 

333.85, A. 3.583 SS etal International Search Report and Written Opinion of PCT/US2012/ 
2012/0094468 A1 4/2012 Bhatia et al. 065086, mailed Mar 25, 2013, 10 pages. 
2012/O1223 O2 A1 5, 2012 Weidman et al. International Search Report and Written Opinion of PCT/US2012/ 
2012/0142.192 A1 6, 2012 Li et al. 059400, mailed Mar. 26, 2013, 11 pages. 
2012/016.1405 A1 6, 2012 Mohn et al. Kang, Hun, “A Study of the Nucleation and Formation of Multi 
2012fO1901.78 A1 7/2012 Wang et al. functional Nanostructures using GaN-Based Materials for Device 
333.E. A. 38: Maxi Applications.” Georgia Institute of Technology, Doctor of Philoso 

C -- 

2012fO292720 A1 11/2012 Chen et al. E. ".the Sof Electrical & Computer Engineering Disserta 
2013/0062736 A1 3/2013 Brighton et al. search R 18 pages. 2013,0084711 A1 4/2013 Liang et al. earch Report mailed Sep. 4, 2012, European Application No. 

2013/O193578 A1 8, 2013 Yu et al. Wang Li et al., “Properties of Hydrogenated Amorphous Silicon 
Caarbide Films Irradiated by Excimer Pulse Laser.” 1998, Abstract 

FOREIGN PATENT DOCUMENTS Only. -- 
Ying-Yu et al., “Preparation of SiC Thin Film Using Organosilicon 

EP 1469.509 A1 10, 2004 by Remote Plasma CVD Method.” 1999, Abstract Only. 
EP 1717848. A 11, 2006 
EP 1791. 161 A2 5, 2007 * cited by examiner 



US 9,144,147 B2 Sheet 1 of 10 Sep. 22, 2015 U.S. Patent 

  
  

  



US 9,144,147 B2 Sheet 2 of 10 Sep. 22, 2015 U.S. Patent 

  





US 9,144,147 B2 Sheet 4 of 10 Sep. 22, 2015 U.S. Patent 

i 

sww. 

WaraaraYaraaravaraawaarass-raraxarras 

was asarass-s-s-s-as 

Y 

--- 

assssssswaxxxx.cswkusssssssssss 

is $. 

  

  

  

  

  

  

  

  

  

  

  

  



US 9,144,147 B2 

- 

-sty Syl-SS 

awawaw so 
--am-M was 

^ ^ 

N 
S$ 

ax, 

Sheet 5 of 10 

M 

& 

...M. 

ow - 

SS 

- 
a. 

Sep. 22, 2015 U.S. Patent 

gris. S 

  

  

  

  



US 9,144,147 B2 Sheet 6 of 1() Sep. 22, 2015 U.S. Patent 

~~~~~--~~~~ ~~~~ ~~~~~*~~~~. 

v 
... swa 

R 
w away 

^a 
ra. 

    

  

  

  

  



US 9,144,147 B2 Sheet 7 of 10 Sep. 22, 2015 U.S. Patent 

  



US 9,144,147 B2 Sheet 8 of 10 Sep. 22, 2015 U.S. Patent 

& 
S 

S. 

assssssrswrw 

4. §. 4. 

3. 

s 
S. 

sy 

Xaa Ny 
saw 

wer 

&S 
s 

Sw 

-* * * · *. 

# | 

***** * 

~] 
|-~~~~ 

-saw-sass 

– 

  

  

  

  



US 9,144,147 B2 Sheet 9 of 10 Sep. 22, 2015 U.S. Patent 

$$. Y3 

  



Newsww.wawawwamawa 

s X 
x 

: 
S 
R 

8 
S 
S. 
S 

S 
S 
S 
S 
V 
R 
w 
w 
N 

US 9,144,147 B2 

„~~~~ ~~~~. 

w 

y 

”………~~ 

wa-M 
&aways 

w way 

S 
wereo 

w 
S 
W 

sw S 
s' s 

& 
S 

s 
S 
S 
s 
w 
w 

y 

& 

Year-arra--------------r-ra-arra i 

Sheet 10 of 10 

\ 

X y 
y 
y 

MMYYYYYYYYYarra 

Xawasawa-a- 

U.S. Patent 

sis, 8 

  

    

  



US 9,144,147 B2 
1. 

SEMCONDUCTOR PROCESSING SYSTEM 
AND METHODS USING CAPACTIVELY 

COUPLEO PLASMA 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 13/251,663 filed Oct. 3, 2011 titled “SEMICON 
DUCTOR PROCESSING SYSTEM AND METHODS 
USING CAPACITIVELY COUPLEDPLASMA” which is a 
nonprovisional of, and claims the benefit of the filing date of 
U.S. Provisional Patent Application No. 61/433,633, entitled 
“SEMICONDUCTOR PROCESSING SYSTEM AND 
METHODS USING CAPACITIVELY COUPLED 
PLASMA, filed Jan. 18, 2011, the entire disclosure of which 
is incorporated herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

Plasma deposition and etching processes for fabricating 
semiconductor integrated circuits have been in wide use for 
decades. These processes typically involve the formation of a 
plasma from plasma-generating gases that are exposed to 
electric fields of Sufficient power inside the processing cham 
ber to cause the gases to ionize. The temperatures needed to 
form these gases into plasmas can be much lower than needed 
to thermally ionize the same gases. Thus, plasma generation 
processes can be used to generate reactive radical and ion 
species from the starting gases at significantly lower chamber 
processing temperatures than is possible by simply heating 
the gases. This allows the plasma to deposit and/or etch mate 
rials from substrate surfaces without raising the substrate 
temperature above a threshold that will melt, decompose, or 
otherwise damage materials on the Substrate. 

Exemplary plasma deposition processes include plasma 
enhanced chemical vapor deposition (PECVD) of dielectric 
materials such as silicon oxide on exposed surfaces of a 
substrate wafer. Conventional PECVD involves the mixing 
together of gases and/or deposition precursors in the process 
ing chamber and striking a plasma from the gases to generate 
reactive species that react and deposit material on the Sub 
strate. The plasma is typically positioned close to the exposed 
surface of the substrate to facilitate the efficient deposition of 
the reaction products. 

Similarly, plasma etching processes include exposing 
selected parts of the Substrate to plasma activated etching 
species that chemically react and/or physically sputter mate 
rials from the substrate. The removal rates, selectivity, and 
direction for the plasma etched materials can be controlled 
with adjustments to the etchant gases, plasma excitation 
energy, and electrical bias between the Substrate and charged 
plasma species, among other parameters. Some plasma tech 
niques, such as high-density plasma chemical vapor deposi 
tion (HDP-CVD), rely on simultaneous plasma etching and 
deposition to create features on the Substrate. 

While plasma environments are generally less destructive 
to Substrates than high-temperature deposition environments, 
they still create fabrication challenges. Etching precision can 
be a problem with energetic plasmas that over-etch shallow 
trenches and gaps. Energetic species in the plasmas, espe 
cially ionized species, can create unwanted reactions in a 
deposited material that adversely affect the materials perfor 
mance. Thus, there is a need for systems and methods to 
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2 
provide more precise control over the plasma components 
that make contact with a Substrate wafer during fabrication. 

BRIEF SUMMARY OF THE INVENTION 

Systems and methods are described for improved control 
of the environment between a plasma and the Surfaces of a 
substrate wafer that are exposed to plasma and/or its effluents. 
The improved control may be realized at least in part by anion 
Suppression element positioned between the plasma and the 
substrate that reduces or eliminates the number of ionically 
charged species that reach the Substrate. Adjusting the con 
centration of ion species that reach the Substrate Surface 
allows more precise control of the etch rate, etch selectivity, 
and deposition chemistry (among other parameters) during a 
plasma assisted etch and/or deposition on the Substrate. 

In Some examples, the ion Suppression element may be part 
of the gas/precursor delivery equipment of a Substrate pro 
cessing chamber. For example, a showerhead positioned 
inside the chamber between a plasma region and the Substrate 
may act as both a distribution component for gases and pre 
cursors as well as an ion Suppressor that reduces the amount 
of ionized species traveling through the showerhead from the 
plasma region to the Substrate. In additional examples, the ion 
Suppression element may be a partition between the plasma 
region and the Substrate that has one or more openings 
through which plasma effluents may pass from the plasma 
region to the Substrate. The size, position and geometry of the 
openings, the distance between the partition and the Substrate, 
and the electrical bias on the partition, among other charac 
teristics, may be selected to control the amounts of charged 
species reaching the substrate. In some instances the partition 
may also act as an electrode that helps generate and define the 
plasma region in the processing chamber. 

Embodiments of the invention include a substrate process 
ing system that has a capacitively coupled plasma (CCP) unit 
positioned inside the process chamber. The CCP unit may 
include a plasma excitation region formed between a first 
electrode and a second electrode. The first electrode may 
include a first plurality of openings to permit a first gas to 
enter the plasma excitation region, and the second electrode 
may include a second plurality of openings to permit an 
activated gas to exit the plasma excitation region. The system 
may further include a gas inlet for Supplying the first gas to the 
first electrode of the CCP unit, and a pedestal that is operable 
to Supporta Substrate. The pedestal is positioned below a gas 
reaction region into which the activated gas travels from the 
CCP unit. 

Embodiments of the invention further include additional 
Substrate processing systems. These systems may include a 
gas inlet for Supplying a first gas to a processing chamber, an 
electrode comprising a plurality of openings, and a shower 
head. The showerhead may include a first plurality of chan 
nels that permit the passage of an activated gas to a gas 
reaction region in the processing chamber, and a second plu 
rality of channels that permit passage of a second gas to the 
gas reaction region. The activated gas is formed in a plasma 
excitation region between the electrode and the showerhead, 
which also acts as a second electrode. The systems may 
further include a pedestal positioned below the gas reaction 
region that is operable to Support a Substrate. 

Embodiments of the invention still further include sub 
strate processing systems having an ion Suppressor. These 
systems may include a gas inlet for Supplying a first gas to a 
processing chamber, an electrode with a first plurality of 
openings, and the ion Suppressor. The ion Suppressor may 
include an electrically conductive plate having a second plu 
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rality of openings that permit the passage of an activated gas 
to a gas reaction region in the processing chamber. The acti 
vated gas is formed in a plasma excitation region between the 
electrode and the ion Suppressor. These systems may further 
include a pedestal, positioned below the gas reaction region, 
that is operable to Support a Substrate. 

Additional embodiments and features are set forth in part 
in the description that follows, and in part will become appar 
ent to those skilled in the art upon examination of the speci 
fication or may be learned by the practice of the invention. 
The features and advantages of the invention may be realized 
and attained by means of the instrumentalities, combinations, 
and methods described in the specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A further understanding of the nature and advantages of the 
present invention may be realized by reference to the remain 
ing portions of the specification and the drawings wherein 
like reference numerals are used throughout the several draw 
ings to refer to similar components. In some instances, a 
sublabel is associated with a reference numeral and follows a 
hyphen to denote one of multiple similar components. When 
reference is made to a reference numeral without specifica 
tion to an existing sublabel, it is intended to refer to all such 
multiple similar components. 

FIG. 1 shows a simplified cross-sectional view of a pro 
cessing system that includes a processing chamber having 
CCP unit and showerhead according to embodiments of the 
invention; 

FIG. 2 shows a simplified perspective view of a processing 
system that includes a processing chamber having a CCP unit 
and showerhead according to embodiments of the invention; 

FIG.3 shows a simplified schematic of the gas flow paths 
of a pair of gas mixtures through a processing system accord 
ing to embodiment of the invention; 

FIG. 4 shows a simplified cross-sectional view of a pro 
cessing system that includes a processing chamber having a 
showerhead that also acts as an ion Suppression element; 

FIG. 5 shows a simplified cross-sectional view of a pro 
cessing system that includes a processing chamber with an 
ion Suppression plate partitioning a plasma region from gas 
reaction region according to embodiments of the invention; 

FIG. 6A shows a simplified perspective view of an ion 
Suppression element according to embodiments of the inven 
tion; 

FIG. 6B shows a simplified perspective view of a shower 
head that also act as an ion-suppression element according to 
embodiments of the invention; 

FIG. 7A shows some exemplary hole geometries for the 
openings in anion-suppression element according to embodi 
ments of the invention; 

FIG. 7B shows a schematic of a hole geometry opening 
according to embodiments of the invention; and 

FIG. 8 shows an exemplary configuration of opposing 
openings in a pair of electrodes that help define a plasma 
region in a processing chamber according to embodiments of 
the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Systems and methods are described for the generation and 
control of a plasma inside a semiconductor processing cham 
ber. The plasma may originate inside the processing chamber, 
outside the processing chamber in a remote plasma unit, or 
both. Inside the chamber, the plasma is contained and sepa 
rated from the substrate wafer with the help of an ion Sup 
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4 
pression element that is positioned between the plasma and 
the Substrate wafer. In some instances, this ion Suppression 
element may also function as part of a plasma generation unit 
(e.g., an electrode), a gas/precursor distribution system (e.g., 
a showerhead), and/or another component of the processor 
system. In additional instances, the ion Suppression element 
may function primarily to define a partition between a plasma 
generation region and a gas reaction region that etches and/or 
deposits material on exposed surfaces of the Substrate wafer. 
The ion Suppression element functions to reduce or elimi 

nate the amount of ionically charged species traveling from 
the plasma generation region to the Substrate. Uncharged 
neutral and radical species may still pass through the open 
ings in the ion Suppressor to react with Substrate. It should be 
noted that the complete elimination of ionically charged spe 
cies in the reaction region Surrounding the Substrate is not 
always the desired goal. In many instances, ionic species are 
required to reach the substrate in order to perform the etch 
and/or deposition process. In these instances, the ion Suppres 
Sor helps control the concentration of ionic species in the 
reaction region at a level that assists the process. 
Exemplary Processing System Configurations 

Exemplary processing system configurations include an 
ion Suppressor positioned inside a processing chamber to 
control the type and quantity of plasma excited species that 
reach the Substrate. In some embodiments the ion Suppressor 
unit may be a perforated plate that may also act as an electrode 
of the plasma generating unit. In additional embodiments the 
ion Suppressor may be the showerhead that distributes gases 
and excited species to a reaction region in contact with the 
Substrate. In still more embodiments ion Suppression may be 
realized by a perforated plate ion suppressor and a shower 
head, both of which plasma excited species pass through to 
reach the reaction region. 

FIGS. 1 and 2 show simplified cross-sectional and perspec 
tive views, respectively, of a processing system that includes 
both an ion Suppressor 110 as part of a capacitively coupled 
plasma (CCP) unit 102 and a showerhead 104 that may also 
contribute to ion Suppression. The processing system may 
also optionally include components located outside the pro 
cessing chamber 100, such as fluid supply system 114. The 
processing chamber 100 may hold an internal pressure dif 
ferent than the Surrounding pressure. For example, the pres 
sure inside the processing chamber may be about 10 mTorr to 
about 20 Torr. 
The CCP unit 102 may function to generate a plasma inside 

the processing chamber 100. The components of the CCP unit 
102 may include a lid or hot electrode 106 and an ion Sup 
pression element 110 (also referred to herein as an ion Sup 
pressor). In some embodiments, the lid 106 and ion Suppres 
sor 110 are electrically conductive electrodes that can be 
electrically biased with respect to each other to generate an 
electric field strong enough to ionize gases between the elec 
trodes into a plasma. An electrical insulator 108, may separate 
the lid 106 and the ion suppressor 110 electrodes to prevent 
them from short circuiting when a plasma is generated. The 
plasma exposed surfaces of the lid 106, insulator 108, and ion 
Suppressor 110 may define a plasma excitation region 112 in 
the CCP unit 102. 

Plasma generating gases may travel from a gas Supply 
system 114 through a gas inlet 116 into the plasma excitation 
region 112. The plasma generating gases may be used to 
strike a plasma in the excitation region 112, or may maintain 
a plasma that has already been formed. In some embodi 
ments, the plasma generating gases may have already been at 
least partially converted into plasma excited species in a 
remote plasma system (not shown) positioned outside the 
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processing chamber 100 before traveling downstream though 
the inlet 116 to the CCP unit 102. When the plasma excited 
species reach the plasma excitation region 112, they may be 
further excited in the CCP unit 102, or pass through the 
plasma excitation region without further excitation. In some 
operations, the degree of added excitation provided by the 
CCP unit 102 may change over time depending on the sub 
strate processing sequence and/or conditions. 
The plasma generating gases and/or plasma excited species 

may pass through a plurality of holes (not shown) in lid 106 
for a more uniform delivery into the plasma excitation region 
112. Exemplary configurations include having the inlet 116 
open into a gas Supply region 120 partitioned from the plasma 
excitation region 112 by lid 106 so that the gases/species flow 
through the holes in the lid 106 into the plasma excitation 
region 112. Structural and operational features may be 
selected to prevent significant backflow of plasma from the 
plasma excitation region 112 back into the Supply region 120, 
inlet 116, and fluid supply system 114. The structural features 
may include the selection of dimensions and cross-sectional 
geometry of the holes in lid 106 that deactivates backstream 
ing plasma, as described below in FIGS. 7A and 7B. The 
operational features may include maintaining a pressure dif 
ference between the gas Supply region 120 and plasma exci 
tation region 112 that maintains a unidirectional flow of 
plasma through the ion Suppressor 110. 
As noted above, the lid 106 and the ion suppressor 110 may 

function as a first electrode and second electrode, respec 
tively, so that the lid 106 and/or ion suppressor 110 may 
receive an electric charge. In these configurations, electrical 
power (e.g., RF power) may be applied to the lid 106, ion 
suppressor 110, or both. For example, electrical power may 
be applied to the lid 106 while the ion suppressor 110 is 
grounded. The Substrate processing system may include a RF 
generator 140 that provides electrical power to the lid 106 
and/or ion suppressor 110. The electrically charged lid 106 
may facilitate a uniform distribution of plasma (i.e., reduce 
localized plasma) within the plasma excitation region 112. To 
enable the formation of a plasma in the plasma excitation 
region 112, insulator 108 may electrically insulate lid 106 and 
ion suppressor 110. Insulator 108 may be made from a 
ceramic and may have a high breakdown voltage to avoid 
sparking. The CCP unit 102 may further include a cooling 
unit (not shown) that includes one or more cooling fluid 
channels to cool Surfaces exposed to the plasma with a circu 
lating coolant (e.g., water). 
The ion suppressor 110 may include a plurality of holes 

122 that Suppress the migration of ionically-charged species 
out of the plasma excitation region 112 while allowing 
uncharged neutral or radical species to pass through the ion 
Suppressor 110 into an activated gas delivery region 124. 
These uncharged species may include highly reactive species 
that are transported with less reactive carrier gas through the 
holes 122. As noted above, the migration of ionic species 
through the holes 122 may be reduced, and in Some instances 
completely suppressed. Controlling the amount of ionic spe 
cies passing through the ion Suppressor 110 provides 
increased control over the gas mixture brought into contact 
with the underlying wafer substrate, which in turn increases 
control of the deposition and/or etch characteristics of the gas 
mixture. For example, adjustments in the ion concentration of 
the gas mixture can significantly alter its etch selectivity (e.g., 
SiOx:SiNx etch ratios, Poly-Si:SiOx etch ratios, etc.). It can 
also shift the balance of conformal-to-flowable of a deposited 
dielectric material. 
The plurality of holes 122 may be configured to control the 

passage of the activated gas (i.e., the ionic, radical, and/or 
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6 
neutral species) through the ion Suppressor 110. For example, 
the aspect ratio of the holes (i.e., the hole diameter to length) 
and/or the geometry of the holes may be controlled so that the 
flow of ionically-charged species in the activated gas passing 
through the ion suppressor 110 is reduced. The holes in the 
ion Suppressor 110 may include a tapered portion that faces 
the plasma excitation region 112, and a cylindrical portion 
that faces the showerhead 104. The cylindrical portion may be 
shaped and dimensioned to control the flow of ionic species 
passing to the showerhead 104. An adjustable electrical bias 
may also be applied to the ion Suppressor 110 as an additional 
means to control the flow of ionic species through the Sup 
pressor. 
The showerhead 104 is positioned between the ion Sup 

pressor 110 of the CCP unit 102 and a gas reaction region 130 
(i.e., gas activation region) that makes contact with a substrate 
that may be mounted on a pedestal 150. The gases and plasma 
excited species may pass through the ion Suppressor 110 into 
an activated gas delivery region 124 that is defined between 
the ion suppressor 110 and the showerhead 104. A portion of 
these gases and species may further pass thorough the show 
erhead 104 into a gas reaction region 130 that makes contact 
with the substrate. 
The showerhead may be a dual-zone showerhead that has a 

first set of channels 126 to permit the passage of plasma 
excited species, and a second set of channels that deliver a 
second gas/precursor mixture into the gas reaction/activation 
region 130. The two sets of channels prevent the plasma 
excited species and second gas/precursor mixture from com 
bining until they reach the gas reaction region 130. In some 
embodiments, one or more of the holes 122 in the ion Sup 
pressor 110 may be aligned with one or more of the channels 
126 in the showerhead 104 to allow at least some of the 
plasma excited species to pass through a hole 122 and a 
channel 126 without altering their direction of flight. In addi 
tional embodiments, the second set of channels may have an 
annular shape at the opening facing the gas reaction region 
130, and these annular openings may be concentrically 
aligned around the circular openings of the first set of chan 
nels 126. 
The second set of channels in the showerhead 104 may be 

fluidly coupled to a source gas/precursor mixture (not shown) 
that is selected for the process to be performed. For example, 
when the processing system is configured to perform a depo 
sition of a dielectric material such as silicon dioxide (SiO) 
the gas/precursor mixture may include a silicon-containing 
gas or precursor such as silane, disilane, TSA, DSA, TEOS, 
OMCTS, TMDSO, among other silicon-containing materi 
als. This mixture may react in gas reaction region 130 with an 
oxidizing gas mixture that may include plasma excited spe 
cies such as plasma generated radical oxygen (O), activated 
molecular oxygen (O) and OZone (O), among other species. 
Excessive ions in the plasma excited species may be reduced 
as the species move through the holes 122 in the ion Suppres 
sor 110, and reduced further as the species move through the 
channels 126 in the showerhead 104. In another example, 
when the processing system in configured to perform an etch 
on the Substrate Surface, the source gas/precursor mixture 
may include etchants such as oxidants, halogens, water vapor 
and/or carrier gases that mix in the gas reaction region 130 
with plasma excited species distributed from the first set of 
channels in the showerhead 104. 
The processing system may further include a power Supply 

140 electrically coupled to the CCP unit 102 to provide elec 
tric power to the lid 106 and/or ion suppressor 110 to generate 
a plasma in the plasma excitation region 112. The power 
Supply may be configured to deliver an adjustable amount of 
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power to the CCP unit 102 depending on the process per 
formed. In deposition processes for example, the power deliv 
ered to the CCP unit 102 may be adjusted to set the confor 
mality of the deposited layer. Deposited dielectric films are 
typically more flowable at lower plasma powers and shift 
from flowable to conformal when the plasma power is 
increased. For example, an argon containing plasma main 
tained in the plasma excitation region 112 may produce a 
more flowable silicon oxide layer as the plasma power is 
decreased from about 1000 Watts to about 100 Watts or lower 
(e.g., about 900, 800, 700, 600, or 500 Watts or less), and a 
more conformal layer as the plasma power is increased from 
about 1000 Watts or more (e.g., about 1000, 1100, 1200, 
1300, 1400, 1500, 1600, 1700 Watts or more). As the plasma 
power increases from low to high, the transition from a flow 
able to conformal deposited film may be relatively smooth 
and continuous or progress through relatively discrete thresh 
olds. The plasma power (either alone or in addition to other 
deposition parameters) may be adjusted to select a balance 
between the conformal and flowable properties of the depos 
ited film. 
The processing system may still further include a pedestal 

150 that is operable to support and move the substrate (e.g., a 
wafer substrate). The distance between the pedestal 150 and 
the showerhead 104 help define the gas reaction region 130. 
The pedestal may be vertically or axially adjustable within the 
processing chamber 100 to increase or decrease the gas reac 
tion region 130 and effect the deposition or etching of the 
wafer substrate by repositioning the wafer substrate with 
respect to the gases passed through the showerhead 104. The 
pedestal 150 may have a heat exchange channel through 
which a heat exchange fluid flows to control the temperature 
of the wafer substrate. Circulation of the heat exchange fluid 
allows the substrate temperature to be maintained at relatively 
low temperatures (e.g., about -20°C. to about 90° C.). Exem 
plary heat exchange fluids include ethylene glycol and water. 
The pedestal 150 may also be configured with a heating 

element (such as a resistive heating element) to maintain the 
substrate at heating temperatures (e.g., about 90° C. to about 
1100°C.). Exemplary heating elements may include a single 
loop heater element embedded in the substrate support platter 
that makes two or more full turns in the form of parallel 
concentric circles. An outer portion of the heater element may 
run adjacent to a perimeter of the Support platten, while an 
inner portion may run on the path of a concentric circle having 
a smaller radius. The wiring to the heater element may pass 
through the stem of the pedestal. 

FIG. 3 shows a simplified schematic 300 of the gas flow 
paths of a pair of gas mixtures through a processing system 
that includes both an ion Suppressor plate and a showerhead. 
At block 305, a first gas, such as a plasma generating gas 
mixture, is Supplied to the processing chamber via a gas inlet. 
The first gas may include one or more of the following gases: 
CF, NH, NF, Ar. He, HO, H, O, etc. Inside the process 
ing chamber, the first gas may be excited through a plasma 
discharge to form one or more plasma effluents at block 310. 
Alternatively (or in addition to the in-situ plasma generation) 
a remote plasma system (RPS) coupled to the processing 
chamber may be used generate an ex-situ plasma whose 
plasma excitation products are introduced into the process 
chamber. The RPS plasma excitation products may include 
ionically-charged plasma species as well as neutral and radi 
cal species. 

Whether the plasma effluents are generated by an in-situ 
plasma unit, an RPS unit, or both, they may be passed through 
anion suppressor in the processing chamber at block315. The 
ion Suppressor may block and/or control the passage of ionic 
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8 
species while allowing the passage of radical and/or neutral 
species as the plasma activated first gas travels to the gas 
reaction region in the processing chamber. At block 320, a 
second gas may be introduced into the processing chamber. 
As noted above, the contents of the second gas depend on the 
process performed: For example, the second gas may include 
deposition compounds (e.g., Si-containing compounds) for 
deposition processes and etchants for etch processes. Contact 
and reaction between the first and second gases may be pre 
vented until the gases arrive at the gas reaction region of the 
process chamber. 
One way to prevent the first and second gases from inter 

acting before the gas reaction region is to have them flow 
though separate channels in a dual-Zone showerhead. Block 
330 shows the activated first gas and second gas passing 
through a DZSH that has a first plurality of channels that 
permit the activated first gas to pass through the showerhead 
without interacting with the second gas that passes through a 
second plurality of channels. After exiting the DZSH, the first 
and second gases may mix together in the gas reaction region 
of the processing chamber at block 335. Depending on the 
process performed, the combined gases may react to deposit 
a material on the exposed Surfaces of the Substrate, etch 
materials from the substrate, or both. 

Referring now to FIG.4, a simplified cross-sectional view 
of a processing system 400 having a showerhead 402 that also 
acts as an ion Suppression element is shown. In the configu 
ration shown, a first gas source for plasma generation 402 is 
fluidly coupled to an optional RPS unit 404 where a first 
plasma may be generated and the plasma effluents transported 
into the processing chamber 406 through gas inlet 408. Inside 
the processing chamber 406, the gases may pass through 
holes 410 in a gas distribution plate 412 into a gas region 414 
defined between the plate 412 and showerhead 402. In some 
embodiments, this region 414 may be a plasma excitation/ 
activation region where the gas distribution plate 412 and 
showerhead 402 act as first and second electrodes to further 
excite the gas and/or generate the first plasma. The holes 410 
in the gas distribution plate 412 may be dimensionally or 
geometrically structured to deactivate backstreaming plasma. 
The plate 412 and showerhead 402 may be coupled with a RF 
power generator 422 that Supplies a charge to the plate 412 
and showerhead 402 to excite the gases and/or generate a 
plasma. In one embodiment, the showerhead 402 is grounded 
while a charge is applied to plate 412. 
The excited gases or activated gases in the gas region 414 

may pass through showerhead 402 into a gas reaction region 
416 adjacent a substrate 418 to etch material from the surface 
of the substrate and/or deposit material on the substrate's 
surface. The showerhead 402 may be a dual Zone showerhead 
(DZSH) that allows the excited gases to pass form the gas 
region 414 into the gas reaction region 416 while also allow 
ing a second gas (i.e., precursor gas/mixture) to flow from an 
external source (not shown) into the gas reaction region 416 
via a second gas inlet (not shown). The DZSH may prevent 
the activated/excited gas from mixing with the second gas 
until the gases flow into the gas reaction region 416. 
The excited gas may flow through a plurality of holes 424 

in the DZSH, which may be dimensionally and/or geometri 
cally structured to control or prevent the passage plasma (i.e., 
ionically charged species) while allowing the passage of acti 
vated/excited gases (i.e., reactive radical or uncharged neutral 
species). FIG. 7A provides exemplary embodiments of hole 
configurations that may be used in the DZSH. In addition to 
the holes 424, the DZSH may include a plurality of channels 
426 through which the second gas flows. The second gas 
(precursor gas) may exit the showerhead 402 through one or 
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more apertures (not shown) that are positioned adjacent holes 
424. The DZSH may act as both a second gas delivery system 
and an ion Suppression element. 
As described above, the mixed gases may deposit a mate 

rial on and/or etch the surface of the substrate 418, which may 
be positioned on a platen 420. The platen 420 may be verti 
cally movable within the processing chamber 406. The pro 
cessing of the substrate 418 within the processing chamber 
406 may be affected by the configurations of the holes 424, 
the pressure within the gas region 414, and/or the position of 
the substrate 418 within the processing chamber. Further, the 
configuration of the holes 424 and/or pressure within the gas 
region 414 may control the amount of ion species (plasma) 
allowed to pass into the gas excitation region 416. The ionic 
concentration of the gas mixture can shift the balance of 
conformal-to-flowable of a deposited dielectric material in 
addition to altering the etch selectivity. 

Referring now to FIG. 5, a simplified cross-sectional view 
of another processing system 500 having a plate 512 (i.e., ion 
Suppressor plate) that acts as an ion Suppression element is 
shown. In the configuration shown, a first gas source 502 is 
fluidly coupled to an RPS unit 504 where a first plasma may 
be generated and the plasma effluents transported into the 
processing chamber 506 through gas inlet 508. The plasma 
effluents may be transported to a gas region 514 defined 
between the ion suppressor plate 512 and the gas inlet 508. 
Inside the gas region 514, the gases may pass through holes 
510 in the ion suppressor 512 into a gas reaction/activation 
region 516 defined between the ion suppressor 512 and a 
substrate 528. The substrate 518 may be supported on a platen 
520 as described above so that the substrate is movable within 
the processing chamber 506. 

Also as described above, the holes 510 may be dimension 
ally and/or geometrically structured so that the passage of 
ionically charged species (i.e., plasma) is prevented and/or 
controlled while the passage of uncharged neutral or radical 
species (i.e., activated gas) is permitted. The passage of ionic 
species may be controllable by varying the pressure of the 
plasma within gas region 514. The pressure in gas region 514 
may be controlled by controlling the amount of gas delivered 
through gas inlet 508. The precursor gas (i.e., second gas) 
may be introduced into the processing chamber 506 at one 
more second gas inlets 522 positioned vertically below or 
parallel with ion suppressor 512. The second gas inlet 522 
may include one or more apertures, tubes, etc. (not shown) in 
the processing chamber 506 walls and may further include 
one or more gas distribution channels (not shown) to deliver 
the precursor gas to the apertures, tubes, etc. In one embodi 
ment, the ion Suppressor 512 includes one or more second gas 
inlets, through which the precursor gas flows. The second gas 
inlets of the ion suppressor 512 may deliver the precursor gas 
into the gas reaction region 516. In such an embodiment, the 
ion Suppressor 512 functions as both an ion Suppressor and a 
dual Zone showerhead as described previously. The activated 
gas that passes through the holes 510 and the precursor gas 
introduced in the processing chamber 506 may be mixed in 
the gas reaction chamber 516 for etching and/or deposition 
processes. 

Having now described exemplary embodiments of pro 
cessing chambers, attention is now directed to exemplary 
embodiments of ion Suppressors, such as ion Suppressor 
plates 412 and 512 and showerhead 402. 
Exemplary Ion Suppressors 

FIG. 6A shows a simplified perspective view of an ion 
Suppression element 600 (ion Suppressor) according to 
embodiments of the invention. The ion Suppression element 
600 may correspond with the ion suppressor plates of FIGS. 
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10 
4 and/or 5. The perspective view shows the top of the ion 
suppression element or plate 600. The ion suppression plate 
600 may be generally circular shaped and may include a 
plurality of plasma effluent passageways 602, where each of 
the passageways 602 includes one or more through holes that 
allow passage of the plasma effluents from a first region (e.g., 
plasma region) to a second region (e.g., gas reaction region or 
showerhead). In one embodiment, the through holes of the 
passageway 602 may be arranged to form one or more circu 
lar patterns, although other configurations are possible. As 
described previously, the through holes may be geometrically 
or dimensionally configured to control or prevent the passage 
of ion species while allowing the passage or uncharged neu 
tral or radical species. The through holes may have a larger 
inner diameter toward the top surface of the ion Suppression 
plate 600 and a smaller inner diameter toward the bottom 
Surface of the ion Suppression plate. Further, the through 
holes may be generally cylindrical, conical, or any combina 
tion thereof. Exemplary embodiments of the configurations 
of the through holes are provided in FIGS. 7A-B. 
The plurality of passageways may be distributed Substan 

tially evenly over the surface of the ion suppression plate 600, 
which may provide even passage of neutral or radical species 
through the ion Suppression plate 600 into the second region. 
In some embodiments, such as the embodiment of FIG. 5, the 
processing chamber may only include an ion Suppression 
plate 600, while in other embodiments, the processing cham 
ber may include both a ion suppression plate 600 and a show 
erhead, such as the showerhead of FIG. 6B, or the processing 
chamber may include a single plate that acts as both a dual 
Zone showerhead and an ion Suppression plate. 

FIG. 6B shows a simplified bottom view perspective of a 
showerhead 620 according to embodiments of the invention. 
The showerhead 620 may correspond with the showerhead 
illustrated in FIG. 4. As described previously, the showerhead 
620 may be positioned vertically adjacent to and above a gas 
reaction region. Similar to ion suppression plate 600, the 
showerhead 620 may be generally circular shaped and may 
include a plurality of first holes 622 and a plurality of second 
holes 624. The plurality of first holes 622 may allow plasma 
effluents to pass through the showerhead 620 into a gas reac 
tion region, while the plurality of second holes 624 allows a 
precursor gas, such as a silicon precursor, etchants etc., to 
pass into the gas reaction region. 
The plurality of first holes 622 may be through holes that 

extend from the top surface of the showerhead 620 through 
the showerhead. In one embodiment, each of the plurality of 
first holes 622 may have a smaller inner diameter (ID) toward 
the top surface of the showerhead 620 and a larger ID toward 
the bottom surface. In addition, the bottom edge of the plu 
rality of first holes 622 may be chamfered 626 to help evenly 
distribute the plasma effluents in the gas reaction region as the 
plasma effluents exit the showerhead and thereby promote 
even mixing of the plasma effluents and precursor gases. The 
smaller ID of the first holes 622 may be between about 0.5 
mm and about 20 mm. In one embodiment, the smaller ID 
may be between about 1 mm and 6 mm. The cross sectional 
shape of the first holes 622 may be generally cylindrical, 
conical, or any combination thereof. Further, the first holes 
622 may be concentrically aligned with the through holes of 
passageways 602, when both and ion Suppression element 
600 and a showerhead 620 are used in a processing chamber. 
The concentric alignment may facilitate passage of an acti 
vated gas through both the ion suppression element 600 and 
showerhead 620 in the processing chamber. 

In another embodiment, the plurality of first holes may 622 
be through holes that extend from the top surface of the 
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showerhead 620 through the showerhead, where each of the 
first holes 622 have a larger ID toward the top surface of the 
showerhead and a smaller ID toward the bottom surface of the 
showerhead. Further, the first holes 622 may include a taper 
region that transition between the larger and Smaller IDs. 
Such a configuration may prevent or regulate the passage of a 
plasma through the through holes while permitting the pas 
sage of an activated gas. Such embodiments may be used in 
place or in addition to ion suppression element 600. Exem 
plary embodiments of Such through holes are provided in 
FIG. 7A. 
The number of the plurality of first holes 622 may be 

between about 60 and about 2000. The plurality of first holes 
622 may also have a variety of shapes, but are generally 
round. In embodiments where the processing chamber 
includes both a ion suppression plate 600 and a showerhead 
620, the plurality of first holes 622 may be substantially 
aligned with the passageways 602 to facilitate passage of the 
plasma effluents through the ion Suppression plate and show 
erhead. 
The plurality of second holes 624 may extend partially 

through the showerhead from the bottom surface of the show 
erhead 620 partially through the showerhead. The plurality of 
second holes may be coupled with or connected to a plurality 
of channels (not shown) that deliver the precursor gas (e.g., 
deposition compounds, etchants, etc.) to the second holes 624 
from an external gas source (not shown). The second holes 
may include a smaller ID at the bottom surface of the show 
erhead 620 and a larger ID in the interior of the showerhead. 
The number of second holes 624 may be between about 100 
and about 5000 or between about 500 and about 2000 in 
different embodiments. The diameter of the second hole's 
smaller ID (i.e., the diameter of the hole at the bottom surface) 
may be between about 0.1 mm and about 2 mm. The second 
holes 624 are generally round and may likewise be cylindri 
cal, conical, or any combination thereof. Both the first and 
second holes may be evenly distributed over the bottom sur 
face of the showerhead 620 to promote even mixing of the 
plasma effluents and precursor gases. 

With reference to FIG. 7A, exemplary embodiments of the 
configurations of the through holes are shown. The through 
holes depicted generally include a large inner diameter (ID) 
region toward an upper end of the hole and a smaller ID region 
toward the bottom or lower end of the hole. The smaller ID 
may be between about 0.2 mm and about 5 mm. Further the 
aspect ratio of the holes (i.e., the smaller ID to hole length) 
may be approximately 1 to 20. Such configurations may 
Substantially block and/or control passage of ion species of 
the plasma effluent while allowing the passage of radical or 
neutral species. For example, varying the aspect ratio may 
regulate the amount of plasma that is allowed to pass through 
the through holes. Plasma passage may further be regulated 
by varying the pressure of the plasma within a region directly 
above the through holes. 

Referring now to specific configurations, through hole 702 
may include a large ID region 704 at an upper end of the hole 
and a small ID region 706 at a lower end of the hole with a 
stepped edge between the large and Small IDs. Through hole 
710 may include a large ID region 712 on an upper end and a 
large ID region 716 on a lower end of the hole with a small ID 
region 714 therebetween. The transition between the large 
and Small ID regions may be stepped or blunt to provide an 
abrupt transition between the regions. 

Through hole 720 may include a large ID region 722 at the 
upper end of the hole and small ID region 726 at a lower end 
of the hole with a tapered region 724 that transitions at an 
angle 0 between the large and small regions. The height 728 
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of the small ID region 726 may depend on the overall height 
727 of the hole, the angle 0 of tapered region 724, the large ID, 
and the small ID. In one embodiment, the tapered region 724 
comprises an angle of between about 15° and about 30°, and 
preferably about 22: the overall height 727 is between about 
4 mm and about 8 mm, and preferably about 6.35 mm; the 
large ID is between about 1 mm and about 4 mm, and pref 
erably about 2.54 mm; the small ID is between about 0.2 mm 
and 1.2 mm, and preferably about 0.89 mm, so that the height 
728 of the small ID region 726 region is between about 1 mm 
and about 3 mm, and preferably about 2.1 mm. 

Through hole 730 may include a first ID region 732 at the 
upper end of the hole, a second ID region 734 concentrically 
aligned with and positioned vertically below first ID region 
732, and a third ID region 736 concentrically aligned with and 
positioned vertically below second ID region 734. First ID 
region 732 may comprise a large ID, second ID region 734 
may comprise a small ID, and third ID region 736 may com 
prise a slightly larger ID than second ID region 734. Third ID 
region 736 may extend to the lower end of the hole or may be 
outwardly tapered to an exit ID 737. The taper between the 
third ID region 736 and the exit ID 737 may taper at an angle 
0, which may be between about 15° and about 30°, and 
preferably about 22°. The second ID region 734 may include 
a chamfered edge that transitions from the first ID region 732 
at an angle 0, which may be between about 110° and about 
140°. Similarly, the second ID region 734 may include a 
chamfered edge that transitions into the third ID region 736 at 
an angle 0, which may also be between about 110° and about 
140°. In one embodiment, the large ID of first region 732 may 
be between about 2.5 mm and about 7 mm, and preferably 
about 3.8 mm; the small ID of second ID region 734 may be 
between about 0.2 mm and about 5 mm, and preferably about 
0.04 mm; the slightly larger ID of third ID region 736 may be 
between about 0.75 mm and about 2 mm, and preferably 
about 1.1 mm; and the exit ID may be between about 2.5 mm 
and about 5 mm, and preferably about 3.8 mm. 
The transition (blunt, stepped, tapered, etc.) between the 

large ID regions and Small ID regions may substantially block 
the passage of ion species from passing through the holes 
while allowing the passage or radical or neutral species. For 
example, referring now to FIG. 7B, shown is an enlarged 
illustration of through hole 720 that includes the transition 
region 724 between the large ID region 722 and the small ID 
region 726. The tapered region 724 may substantially prevent 
plasma 725 from penetrating through the through hole 702. 
For example, as the plasma 725 penetrates into the through 
hole 720, the ion species may deactivate or ground out by 
contacting the walls of the tapered region 724, thereby limit 
ing the passage of the plasma through the through hole and 
containing the plasma within the region above the through 
hole 720. The radical or neutral species, however, may pass 
through the through hole 720. Thus, the through hole 720 may 
filter the plasma 720 to prevent or control the passage of 
unwanted species. In an exemplary embodiment, the Small ID 
region 726 of the through holes comprises an ID of 1 mm or 
Smaller. To maintain a signification concentration of radical 
and/or neutral species penetrating through the through holes, 
the length of the Small ID region and/or the taper angle may be 
controlled. 

In addition to preventing the passage of plasma, the 
through holes described herein may be used to regulate the 
passage of plasma so that a desired level of plasma is allowed 
to pass through the through hole. Regulating the flow of 
plasma through the through holes may include increasing the 
pressure of the plasma in the gas region above the ion Sup 
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pressor plate so that a desired fraction of the plasma is able to 
pass through the ion Suppressor without deactivating or 
grounding out. 

Referring now to FIG. 8, a simplified illustration of a 
capacitively coupled plasma (CCP) unit 800 is shown. Spe 
cifically, the CCP unit 800 shown includes a top plate 802 and 
a bottom plate 804 that define a plasma generation region 810 
in which a plasma is contained. As previously described, the 
plasma may be generated by an RPS (not shown) and deliv 
ered to the plasma generation region 810 via through hole 
806. Alternatively or additionally, the plasma may be gener 
ated in the CCP unit 800, for example, by utilizing top plate 
802 and bottom plate 804 as first and second electrodes 
coupled to a power generation unit (not shown). 
The top plate 802 may include a through hole 806 that 

allows process gas and/or plasma to be delivered into the 
plasma generation region 810 while preventing backstream 
ing of plasma through the top plate 802. The through hole 806 
may be configured similar to through hole 730 having first, 
second, and third ID regions (820,822, and 824 respectively), 
with a chamfered edge between adjacent regions (828 and 
829) and a tapered region 826 transitioning between third ID 
region 824 and an exit ID. The tapered region 826 between 
third ID region 824 and the exit ID and/or the chamfered edge 
between second and third ID regions (822 and 824 respec 
tively) may prevent backstreaming of plasma by deactivating 
or grounding ion species as the plasma penetrates into the 
through hole 806. 

Similarly, the bottom plate 804 may includea through hole 
808 that allows the radical or neutral species to pass through 
the through hole while preventing or controlling the passage 
of ion species. The through hole 808 may be configured 
similar to through hole 720 having a large ID region 830, a 
small ID region 832, and a tapered region 834 that transitions 
between the large ID region 830 and the small ID region 832. 
The tapered region 834 may prevent the flow of plasma 
through the through hole 808 by deactivating or grounding 
ion species as previously explained while allowing radical or 
neutral species to pass therethrough. 

To further prevent passage of the plasma through the 
through holes, 802 and/or 804, the top plate 802 and/or bot 
tom plate 804 may receive a charge to electrically bias the 
plasma and contain the plasma within plasma generation 
region 810 and/or adjust an ion concentration in the activated 
gas that passes through the bottom plate. Using top plate 802 
and bottom plate 804 in CCP unit 800, the plasma may be 
Substantially generated and/or maintained in the plasma gen 
eration region 810, while radical and neutral species are deliv 
ered to a gas reaction region to be mixed with one or more 
precursor gases to etch material from or deposit material on a 
Substrate Surface. 

Having described several embodiments, it will be recog 
nized by those of skill in the art that various modifications, 
alternative constructions, and equivalents may be used with 
out departing from the spirit of the invention. Additionally, a 
number of well-known processes and elements have not been 
described in order to avoid unnecessarily obscuring the 
present invention. Accordingly, the above description should 
not be taken as limiting the scope of the invention. 
Where a range of values is provided, it is understood that 

each intervening value, to the tenth of the unit of the lower 
limit unless the context clearly dictates otherwise, between 
the upper and lower limits of that range is also specifically 
disclosed. Each Smaller range between any stated value or 
intervening value in a stated range and any other stated or 
intervening value in that stated range is encompassed. The 
upper and lower limits of these Smaller ranges may indepen 
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14 
dently be included or excluded in the range, and each range 
where either, neither or both limits are included in the smaller 
ranges is also encompassed within the invention, Subject to 
any specifically excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges exclud 
ing either or both of those included limits are also included. 
As used herein and in the appended claims, the singular 

forms “a”, “an’, and “the include plural referents unless the 
context clearly dictates otherwise. Thus, for example, refer 
ence to “a process' includes a plurality of such processes and 
reference to “the electrode opening includes reference to one 
or more electrode openings and equivalents thereof known to 
those skilled in the art, and so forth. 

Also, the words “comprise.” “comprising,” “include.” 
“including,” and “includes when used in this specification 
and in the following claims are intended to specify the pres 
ence of stated features, integers, components, or steps, but 
they do not preclude the presence or addition of one or more 
other features, integers, components, steps, acts, or groups. 

What is claimed is: 
1. A substrate processing system comprising: 
a gas inlet for Supplying a first gas to a processing chamber; 
a remote plasma unit coupled with the gas inlet and con 

figured to provide radical precursor species to the cham 
ber; 

a showerhead having a first plurality of openings, wherein 
each opening of the first plurality of openings is charac 
terized by a length extending through the showerhead, 
and wherein each opening of the first plurality of open 
ings tapers in diameter from the upper surface of the 
showerhead at least partially along the length of the 
respective opening; 

an activation region inside the processing chamber to 
excite the first gas into an activated gas, wherein the 
activation region is defined between: 

an electrode comprising at least one opening; and 
an ion Suppressor plate located above the showerhead and 

comprising an electrically conductive plate having a 
second plurality of openings to permit passage of the 
activated gas, wherein the ion Suppressor plate divides 
the activation region into an upper region and a lower 
region, wherein the lower region is defined between a 
lower Surface of the ion Suppressor plate and an upper 
surface of the showerhead, wherein 

each opening of the second plurality of openings is char 
acterized by a length extending through the ion Suppres 
Sor plate, wherein each opening of the second plurality 
of openings tapers in diameter from the lower Surface of 
the ion Suppressor plate at least partially along the length 
of the respective opening, and wherein the taper in diam 
eter of each opening of the second plurality of openings 
is characterized by a taper angle between about 15° and 
about 30° to at least partially prevent plasma particles 
generated below the ion Suppressor plate from flowing 
up through the second plurality of openings; 

a reaction region defined between the showerhead and a 
Substrate; and 

an electrical power Supply coupled with the ion Suppressor 
and the showerhead, wherein the electrical power supply 
is configured to produce a plasma in the lower region of 
the activation region. 

2. The system of claim 1, wherein the substrate is supported 
by a pedestal positioned below the reaction region. 

3. The system of claim 1, wherein the electrical power 
Supply is operable to create an adjustable bias Voltage in the 
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ion Suppressor plate to adjust an ion concentration in the 
activated gas passing from the activation region to the reac 
tion region. 

4. The system of claim3, wherein the ion suppressor plate 
reduces the ion concentration in the activated gas passing to 
the reaction region. 

5. The system of claim 1, wherein electrode and the ion 
Suppressor plate comprise the electrodes of a capacitively 
coupled plasma (CCP) unit positioned inside the processing 
chamber. 

6. The system of claim 1, wherein the first plurality of 
openings is concentrically aligned with the second plurality 
of openings. 

7. The system of claim 1, wherein the taper in diameter of 
each opening of the first plurality of openings is characterized 
by a taper angle between about 15° and about 30°. 

8. A plasma processing system comprising: 
a gas inlet; 
a pedestal configured to support a substrate; 
a showerhead positioned between the gas inlet and the 

pedestal, the showerhead comprising an electrically 
conductive plate defining a first plurality of openings; 

a gas distribution plate positioned between the gas inlet and 
the showerhead, the gas distribution plate comprising an 
electrically conductive plate defining a second plurality 
of openings, wherein the gas distribution plate is 
coupled with a first electrical power supply, and wherein 
each opening of the second plurality of openings is char 
acterized by a length extending through the gas distri 
bution plate: 

an activation region defined between a first surface of the 
gas distribution plate and a first surface of the shower 
head; and 

5 

10 

15 

25 

30 

16 
a reaction region defined between a second surface of the 

showerhead opposite the first surface and the pedestal, 
wherein: 
the second surface of the showerhead is nearer to the 

pedestal than the first surface is to the pedestal, 
the first surface of the as distribution plate is nearer to the 

pedestal than a second surface of the as distribution 
plate opposite the first surface is to the pedestal, 

each opening of the first plurality of openings is charac 
terized by a length extending through the showerhead, 
and wherein each opening of the first plurality of 
openings tapers in diameter from the first surface of 
the showerhead at least partially along the length of 
the respective opening, and 

each opening of the second plurality of openings tapers 
in diameter from the first surface of the as distribution 
plate at least partially along the length of the respec 
tive opening, and wherein the taper in diameter of 
each opening of the second plurality of openings is 
characterized by a taper angle between about 15° and 
about 30°. 

9. The substrate processing system of claim 8, wherein the 
taper in diameter of each opening of the first plurality of 
openings is characterized by a taper angle between about 15° 
and about 30°. 

10. The substrate processing system of claim 9, wherein the 
showerhead comprises a plurality of gas injection apertures 
that do not intersect with the first plurality of openings. 

11. The substrate processing system of claim 8, wherein at 
least one opening of the first plurality of openings is concen 
trically aligned with at least one opening of the second plu 
rality of openings. 


